Summary.-A method for testing organic chemicals for their carcinogenic potential is described. Baby hamster kidney cells (BHK-21/C 13) were exposed to different doses of test compound in liquid tissue culture medium containing rat liver postmitochondrial supernatant and cofactors (S-9 mix) to aid metabolism, but without serum. Survival of cells following exposure to the compound was assessed by cloning in liquid growth medium. Transformation was assessed by colony growth in semisolid agar. The dose-response curve for survival was used to determine the LC50 of the compound. A dose-response curve for transformation was constructed and a 5-fold increase in transformation frequency at the LC50 was regarded as a positive test result.
The method may also be used for testing gaseous compounds. Cells grown in monolayers and overlaid with serum-free medium and S-9 mix were exposed to vinyl chloride gas mixed with air. After exposure, the treated cells were trypsinized, resuspended in growth medium, and survival and transformation assays performed.
The methods described are illustrated by examples taken from an evaluation study using 120 compounds and found to be more than 90% accurate in distinguishing between carcinogens and non-carcinogens.
THE use of in vitro transformation as a rapid test to detect carcinogenic chemicals has been proposed as a result of the many investigations into mammalian cell transformation. When used as a short-term testing procedure, some of the constraints placed upon extrapolation of in vitro results in relation to in vivo carcinogenesis need not be regarded as relevant. What is required is a high degree of correlation between carcinogenicity in mammals and the end point of the test procedure. Of the testing methods used, some have produced transformation following exposure of primary or secondary mass cultures to the compounds for long periods of time, thereby allowing selection of resistant variants. Other methods have included aneuploid cell lines. Di Mayorca et al. (1973) and Mishra and Di Mayorca (1974) have proposed the use of standardized cell lines, short exposure to the chemical being tested and plating in soft agar to assess malignant transformation. Plating efficiency of treated cells was assayed in liquid culture so that the transformation frequency could be calculated by reference to surviving cells. This method has been modified to include metabolic activation of the test compound by rat liver postmitochondrial supernatant (Ames, McCann and Yamasaki, 1975) .
The methods described in this paper are illustrated by examples taken from an evaluation study of several short-term tests to detect carcinogens (Purchase et al., 1976 Media.-For cell growth and maintenance, the medium used was Dulbecco's modification of Eagle's medium containing 10% calf serum, 200 u/ml penicillin, 200 ,ug/ml streptomycin, 200 ,ug/ml kanamycin and buffered with 0.44% sodium bicarbonate at pH 7-3.
Cultures were gassed with 10%/ CO2: 90% air (Hela) or 20%/ CO2: 80% air (BHK-21/C1 13 and PyY).
Incubation of BHK cells with test components was carried out in serum-free Medium 199 buffered with HEPES.
Media, additives and serum were obtained from Gibco-Biocult Ltd, Paisley, Scotland.
Cell growth.-BHK cells were maintained at 37°C in 200 ml of growth medium in 1-litre roller bottles rotated at 12 rev/h on a Belco bottle roller (Belco Glass Corp., Vineland, New Jersey, USA). When confluent, the medium was discarded and 5 ml of trypsin added (0.25% in normal saline). Each bottle was rotated by hand to wash the cell layer with trypsin. After 1-5 min the trypsin was poured off and 50 ml of fresh medium added. Cells were washed off the inside of the bottle by swirling the medium rapidly. Clumps of cells were broken up by pipetting the suspension rapidly up and down. Finally, 10-ml portions of the cell suspension were added to fresh bottles each containing 190 rnl of growth medium. Eagle's medium with 10% calf serum and 10% glycerol), and pipetted in volumes of 1-5 ml into 2-ml Sterilin polypropylene ampoules. Care was taken to maintain the correct pH by gassing with CO2 when necessary. The ampoules were placed in the freezing attachment of a Union Carbide liquid N2 freezer for 4 h, following which the ampoules were clipped on to aluminium canes, placed in cans and immersed in liquid N2.
To thaw cells, the ampoule was removed from the liquid nitrogen refrigerator and placed in an incubator at 37°C until thawed. As soon as the cell suspension was thawed, the ampoule was opened and the contents pipetted into two 75-cm2 plastic tissue culture flasks and 20 ml of growth medium added to each. Cultures were incubated at 37 'C until confluent, when the cells were subcultured into roller bottles.
Com.pond solutions.-Compounds used in the aya were dissolved in DMSO to give solutions of the following concentrations: 25 mg/ml; 2-5 mg/ml; 0-25 mg/ml; 0-025 mg/ ml; 0-0025 mg/ml. The volume of stock solution added to 1 ml of cell suspension was 10 ,ul to give the following concentrations:
250 ,tg/ml; 25 ,tg/ml; 2-5 ,tg/ml; 0-25 jug/ml; 0 025 ,ug/ml; and a concentration of solvent of 1 % v/v. Replicate cell suspensions were dosed with each concentration of compound. Agar.-A solution containing 5%/ Difco Noble agar (Difco Ltd, West Molesey, Surrey) in deionized double-distilled water was prepared and dispensed in 10-ml portions while molten into sterile glass McCartney bottles. For experiments, the bottles containing the agar were heated in boiling water until the agar melted and were kept at this temperature until required.
Transformation.-Cells were incubated at Teddington, Middlesex). To each portion was added 10 ,u of S-9 mix and 10 ,l of compound solution. The suspension was incubated for 4 h at 37°C in an orbital incubator shaking at 150 oscillations/min. After incubation the cells were centrifuged at 50g for 10 min and the supernatant, containing the compound and microsomes, discarded. Each pellet of cells was resuspended in 10 ml of growth medium to which was added 0-625 ml of 5% agar solution which had been kept molten in a beaker containing boiling water. The final concentration of agar in medium was 0-3%. Liver post-mitochondrial supernatant (S-9).
-The preparation of the liver microsomal fraction (S-9, 9000g supernatant) from Sprague-Dawley rats induced with Aroclor 1254 was as described by Ames et al. (1975) .
Frozen (-80°C) S-9 was allowed to thawA at room temperature, diluted 1: 9 with cofactor solution, filtered through a 0-45-yum millipore filter (Millipore (UK) Ltd, London) and kept in an ice bath until added to the cultures.
Compounds
Nitrosofolic acid and diphenylnitrosamine were obtained from Dr John Ashby, ICI Central Toxicology Laboratory. Vinyl chloride was obtained from ICI Mond Division.
RESULTS
The results of tests carried out on nitrosofolic acid and diphenylnitrosamine Vinyl chloride, when tested as a gas mixed with air, caused a dose-related increase in transformation frequency (Fig.  2) . No increase in transformation frequency was seen when vinyl chloride was tested as a solution in DMSO. However, the concentrations of vinyl chloride tested in solution were not significantly toxic to BHK cells, suggesting that the concentration in the cell suspensions was too low to produce a biological effect.
DISCUSSION
The cell trainsformation assay described in this study has been shown to be about 9000 accurate in discriminating between carcinogenic and noncarcinogenic chemicals (Purchase et al., 1976) . In their paper 120 compounds were tested using BHK (Macpherson and Montagnier, 1964 land and Pick, 1973; Kirkland, Harris and Armstrong, 1975; Evans and DiPaolo, 1975) . Transformed colonies of BHK cells in this study were not checked for malignancy by inoculation into animals, because it was not considered to be important in the context of a short-term screen, besides being impractical if large number of chemicals are to be tested. (Umeda and lype, 1973) .
Since the 120 compounds tested by Purchase et al. (1976) Viola, Bigotti and Caputo (1971) and Maltoni et al. (1974) to be carcinogenic in rodents, and reported by Creech and Johnson (1974) to be a human carcinogen. The results obtained with vinyl chloride were similar to those reported by Rannug et al. (1974) and Bartsch, Malveille and Montesano (1975) with Salmonella typhimurium, where exposure of the test organism to gaseous vinyl chloride but not to solutions of the compound gave positive test responses.
